Abstract Successful long term bone replacement and repair remain a challenge today. Nanotechnology has made it possible to alter materials' characteristics and therefore possibly improve on the material itself. In this study, biphasic hydroxyapatite/b-tricalcium phosphate nanobioceramic scaffolds were prepared by the electrospinning technique in order to mimic the extracellular matrix. Scaffolds were characterised by scanning electron microscopy (SEM) and attenuated total reflectance-fourier transform infrared. Osteoblasts as well as monocytes that were differentiated into osteoclast-like cells, were cultured separately on the biphasic bioceramic scaffolds for up to 6 days and the proliferation, adhesion and cellular response were determined using lactate dehydrogenase cytotoxicity assay, nucleus and cytoskeleton dynamics, analysis of the cell cycle progression, measurement of the mitochondrial membrane potential and the detection of phosphatidylserine expression. SEM analysis of the biphasic bioceramic scaffolds revealed nanofibers spun in a mesh-like scaffold. Results indicate that the biphasic bioceramic electrospun scaffolds are biocompatible and have no significant negative effects on either osteoblasts or osteoclast-like cells in vitro.
Introduction
Conventionally, bone replacement and repair studies have always focussed on strong bioinert materials. Nowadays the focus has shifted towards materials that can mimic living tissue (biomimetic) and assist in the healing process (i.e. be replaced by natural bone): thus they are bioactive, as well as bioresorbable [1, 2] . Bioactive materials have the ability to interact with the surrounding tissue by means of ionexchange. This interaction gives rise to a biologically active carbonate apatite layer forming on the implant that is chemically equivalent to the mineral phase of bone [3, 4] . When bioresorbable materials are implanted into the body they start to dissolve, whilst being replaced by tissue [3, 5, 6] .
Currently, the most widely used synthetic bioactive bone substitute is calcium phosphate-based materials. However, these calcium phosphate-based materials (i.e. hydroxyapatite (HA) and b-tricalcium phosphate (b-TCP)) do not fulfil the requirements for bone repair and replacement. Calcium phosphates, although chemically similar to bone, lack collagen fibres for strength [2, [7] [8] [9] . These substitutes are brittle and are not prone for use in loadbearing circumstances. The general bioactivity of current substitutes should also be improved to promote faster and better bone reconstruction in the patient. An important fact to remember is that natural occurring HA crystals are nanosized, while most widely used substitutes still have macrosized grains [4, 7, 10, 11] . Micro-and macro-porosities of the substitutes play a major role in their effect on biological properties. It has been shown that pore sizes around 260 lm of the implant had the most successful in-growth. Pore interconnection sizes play an important role when hard and soft tissue in-growth is required and this lack of early vascularisation is a major drawback of most of the current bone tissue engineering techniques [3, [11] [12] [13] . This is not always taken into account and affects current products on the market namely orthopaedic devices such as screws, plates, nails, and hip and knee replacements, dental cranio-maxillofacial products such as titanium plates, sheets and screws and orthosis products such as artificial legs made from carbon composite materials [14] . These products, being metal, do not possess the adequate porosity for vascularisation and tissue in-growth to occur.
The ideal biomaterial for bone replacement implanted into the body should be completely resorbed by osteoclasts over time, while osteoblastic activity deposits new mineralised bone at the site. The reason for this is that bone does not only function in a structural role, but is also a site for muscle anchoring and bone marrow production while playing a significant role in mineral homeostasis [15] [16] [17] .
These dynamic functions can not be performed by ''dead material'' such as synthetic HA or b-TCP. Bone is dynamic living tissue, therefore it is important that novel bioceramics are developed that will initially function as bone replacement attending to all the requirements such as biocompatibility, structure, filler, as well as load-bearing. These bioceramics will also be able to activate the cellular response to recruit osteoclasts, osteoblasts and endothelial cells to the implant site for the resorption of the implant whilst enhancing the formation of new living bone [2, 7, 8, [18] [19] [20] . Many different factors influence the activity of bone in the body which makes it crucial to understand the dynamics of bone and its interaction with the environment before real advances can be made in bioceramics for bone replacement and repair, as well as tissue engineering [4, 21, 22] .
Many studies have shown that HA is osteoconducting as well as osteoinducting. Surfaces containing HA, support osteoblastic cell adhesion, growth, differentiation and new bone formation [23, 24] . Mesenchymal stem cells in surrounding tissues are stimulated and therefore osteoinduction occurs. Bone-forming osteoblast cells are then formed from these stimulated stem cells. Many studies have aimed to provide a more detailed understanding of the osteoinduction potential of HA and many of them have showed osteoinduction in various hosts including baboons [24] [25] [26] [27] [28] .
In this study, electrospun biphasic (HA/b-TCP) nanobioceramic scaffolds were prepared and tested in vitro. Human fetal osteoblasts (hFOB 1.19) and monocytes (THP-1), differentiated into osteoclast-like cells, were cultured on the bioceramic scaffolds, and the adhesion and cellular response were studied in vitro. Techniques included a cytotoxicity assay, nucleus and cytoskeleton dynamics, analysis of the cell cycle progression, measurement of the mitochondrial membrane potential and the detection of phosphatidylserine (PS) expression. Scaffolds were characterised by scanning electron microscopy (SEM), X-ray diffraction (XRD), and attenuated total reflectance-fourier transform infrared (ATR-FTIR).
Unravelling signalling pathways, and the relationship between osteoclasts and osteoblasts when responding to an implanted biomimetic bone scaffold, will provide improved understanding of 'bioactive ceramic' surface features for biomineralization, as well as the bone regeneration process.
Materials and methods

Materials
Hydroxyapatite powder was obtained from Merck (Darmstadt, Germany) and b-TCP powder from Fluka (Steinheim, Germany). Human fetal osteoblast cells (hFOB 1.19) 
Fabrication of nano-biphasic scaffolds
Electrospinning is used for the formation of electrostatic fibers. The technique uses electrical forces to produce fibers with diameters ranging from 2 nm to several micrometers [29, 30] . An electrical field strength sufficient to overcome surface tension of the solution causes the droplets to elongate and eject very fine fibers. These fine fibers form non-woven mats when deposited.
Hydroxyapatite powder (Merck, Darmstadt, Germany) and b-TCP powder (Fluka, Steinheim, Germany) was used during the production of the electrospun biphasic fibers. 40 % HA and 60 % TCP ratio was used in a 30 % w/v final total. Acetone (50 %) and acetic acid (50 %) was added to the ceramic powders while stirring vigorously for 1 h. After 1 h, gelatine was added drop wise to the mixture to reach 3, 5, 7 or 10 % of total volume. This mixture was stirred for 30 min. The biphasic suspension was drawn into fibers upon the application of a high voltage (15 kV). The fibers were collected on 22 mm round glass cover slips on an aluminium covered collector plate, spaced 15 cm from the needle tip. These biphasic bioceramic scaffolds were subsequently used for cell culture studies.
Characterisation of nano-biphasic scaffolds
Scanning electron microscopy was used to study the surface morphology of the biphasic bioceramic electrospun scaffolds at an accelerating voltage of 2 kV after sputter coating with carbon. SEM analysis showed that nanofibers were formed. XRD showed that only HA and b-TCP was present in the electrospun scaffolds, however the input ratio of HA/ b-TCP decreased during electrospinning. ATR-FTIR spectroscopic analysis of electrospun biphasic scaffolds was performed on the PerkinElmer Spectrum 100 FT-IR Spectrometer (Shelton, Connecticut, USA).
THP-1 cell culture
The human monocyte-like cell line THP-1 (ATCC, TIB-202, Arlington, VA, USA) was used in this study since it can provide a continuous suspension culture with a relatively fast doubling time of 26 h. The THP-1 cell line can also be co-cultured which could prove to be important for future studies.
THP-1 cells were cultured in RPMI-1640 medium, supplemented with 10 % (v/v) heat-inactivated fetal calf serum and 1 % (v/v) penicillin/streptomycin (Gibco, Life Technologies, Johannesburg, South Africa) at 37°C in an atmosphere of 5 % CO 2 . Cells were grown as a suspension culture in 25 cm 2 culture flasks and transferred to 75 cm 2 culture flasks after 3 days. Before cell seeding, the ceramic samples were sterilised by immersion in 70 % ethanol for 20 min, allowed to dry and placed in 6-well cell culture plates (Nunc, Roskilde, Denmark). The THP-1 cells were seeded on the biphasic bioceramic scaffolds (with 10 % gelatine) at a density of 3,00,000 cells/well in the presence of 10 -7 M VD 3 . VD 3 aids the differentiation of THP-1 monocytes into osteoclast-like adherent cells [31] [32] [33] [34] . The adherent cells were cultured up to 6 days. Tissue culture plastic was used as control. THP-1 cells were seeded (50,000 cells/well) on 6-well culture plates (without any biphasic bioceramic scaffolds) under exact experimental conditions than the cells cultured on the biphasic bioceramic scaffolds. Suspended cells (before differentiation) were counted by the trypan blue assay using a haemocytometer under an optical microscope. Adherent cells (after differentiation) were detached from the surface by adding 0.05 % trypsin containing 0.1 % EDTA and counted in the same manner as the suspended cells.
hFOB 1.19 cell culture
The human osteoblastic cell line hFOB 1.19 (ATCC, CRL-11372) differentiate into mature osteoblasts that express the normal osteoblast phenotype, ideal for studying differentiation, physiology, growth factor or other hormonal effects on the differentiation and function of osteoblasts.
Human fetal osteoblasts 1.19 was cultured in DMEM and F12 media (1:1), supplemented with 10 % (v/v) heatinactivated fetal calf serum and 1 % (v/v) penicillin/ streptomycin (Gibco, Life Technologies, Johannesburg, South Africa) at 37°C in an atmosphere of 5 % CO 2 . Cells were grown as an adhesion culture in 25 cm 2 culture flasks and transferred to 75 cm 2 culture flasks after 3 days. These cells were cultured to reach confluence. Before cell seeding, the ceramic samples were sterilised by immersion in 70 % ethanol for 20 min and placed in 6-well cell culture plates (Nunc, Roskilde, Denmark). hFOB 1.19 cells were seeded on biphasic bioceramic scaffolds (with 10 % gelatine concentration) at a density of 1,50,000 cells/well. The adherent cells were cultured up to 6 days with media changes every 2 days. Tissue culture plastic was used as control. hFOB 1.19 cells were seeded (50,000 cells/well) on 6-well culture plates (without any biphasic bioceramic scaffolds) under exact experimental conditions than the cells cultured on the biphasic bioceramic scaffolds. Adherent cells were detached from the surface by adding 0.05 % trypsin containing 0.1 % EDTA and counted by trypan blue assay using a haemocytometer.
Cell toxicity: LDH assay
The interconversion of lactate and pyruvate is catalyzed by a cytosolic enzyme LDH that is soluble. When membrane integrity is compromised as a result from either apoptosis or necrosis, LDH is released from the cell. Therefore, LDH activity is used as an indicator of cell membrane integrity and is used to measure cytotoxicity that result from exposure of cells to chemical or foreign compounds (LDH-Cytotoxicity Assay Kit II, BioVision Incorporated, Milpitas, CA, USA).
Both cell lines were cultured as described in Sects. 2.4 and 2.5. After 6 days cells were trypsinized and resuspended in 1 ml of culture medium. A background control (culture medium with no cells), low control (cells grown in wells without scaffolds) and high control (cells grown in wells with cell lysis solution included) according to the supplier's instructions, were included in this assay. Cells were centrifuged for 5 min to form a pellet and supernatant was discarded, and resuspended in 200 ll culture medium. 10 ll was transferred to an optically clear 96-well plate and 100 ll of the LDH reaction mix (prepared according to the manufacturer's manual instructions) was added to each well. After 180 min incubation at room temperature the absorbance was read at 460 nm (reference wavelength of 630 nm) with an EL x 800 Universal Microplate Reader from Bio-Tek Instruments Inc. (Vermont, USA).
Nucleus and cytoskeleton dynamics
Blue fluorescent 4 0 ,6-diamidino-2-phenylindole (DAPI) and green fluorescent anti-rabbit IgG (H&L)/DyLight TM 488 conjugated (Thermo Fisher Scientific Inc) was used for DNA and cytoskeleton staining. After 6 days of cultivation the medium was removed and the cells were washed twice with PBS. Adherent cells were fixed with 3.7 % (v/v) paraformaldehyde for 10 min and permeabilised with 0.1 % Triton X-100 (in PBS) for 10 min at room temperature. In order to detect the cytoskeleton, cells were incubated for 60 min with anti-rabbit IgG (H&L)/DyLight TM 488 conjugated (diluted 1:50) at room temperature followed by incubation with 1 lg/ml DAPI for 5 min. Samples were washed again with PBS and mounted on glass slides in mounting medium Fluoromount-G (Olympus BX41, CC12 Soft imaging system, Hamburg, Germany).
Cell cycle analysis
Flow cytometry was used to analyse the cell cycle progression of THP-1 and hFOB 1.19 cells when grown on biphasic scaffolds. Propidium iodine (PI) was used to stain the nucleus to determine the amount of DNA present and the amount of PI fluorescence correlates with stages of the cell cycle during cell division. PI fluorescence (relative DNA content per cell) was measured using fluorescence activated cell sorting (FACS) FC500 System flow cytometer (Beckman Coulter SA (Pty) Ltd., Randburg, South Africa) equipped with an air-cooled argon laser excited at 488 nm. Data from at least 11,000 cells/sample were analysed with CXP software (Beckman Coulter SA (Pty) Ltd., Randburg, South Africa). The data from particles smaller than apoptotic bodies and agglomeration of two or more cells were removed to improve accuracy. The non-commercially available Cyflogic software 1.2.1 (Pertu Therho, Turku, Finland) was employed to calculate cell cycle distributions by assigning relative DNA content per cell to sub-G 1 , G 1 , S and G 2 /M fractions. The log forward scatter detector number 3 (FL3 Log), detects light emissions at 600 nm and PI molecules emit light at 617 nm, therefore, the data obtained from this detector was represented as histograms on the x-axis.
Both cell lines were cultured as described in Sects. 2.4 and 2.5 [35, 36] . After 6 days cells were trypsinized and resuspended in 1 ml of culture medium. Upon termination, the supernatant of dead cells were also included in the assay. Cells were centrifuged for 5 min to form a pellet and supernatant was discarded. Thereafter, cells were resuspended in 200 ll of ice-cold PBS containing 0.1 % FBS. 4 ml ice-cold 70 % ethanol was added drop wise and cells were stored overnight at 4°C. Cells were pelleted by centrifugation at 3009g for 5 min and resuspended in 1 ml of PBS containing PI (40 lg/ml) and incubated at 37°C for 45 min before analysis.
Mitochondrial membrane potential measurement
The intactness of the mitochondrial membrane was examined by the cationic dye, 5,5 0 ,6,6 0 -tetrachloro-1,1 0 ,3,3 0 -tetraethylbenzimidazolylcarbocyanine iodide. When there is a reduction in the mitochondrial membrane potential, it is an indication of possible early apoptosis. The reduction of mitochondrial membrane potential is a result of the loss of electrochemical gradient across the mitochondrial membrane [37] . Quantitative apoptosis information is provided by the MitoCapture TM mitochondrial kit. Both cell lines were cultured as described in Sects. 2.4 and 2.5. After 6 days of growth on the scaffolds, cells were trypsinized and centrifuged at 13,0009g. Upon termination, the supernatant was also included in the assay. The cell pellet was resuspended in 1 ml of diluted MitoCapture solution (1 ll MitoCapture in 1 ml pre-warmed incubation buffer) and incubated at 37°C, 5 % CO 2 for 20 min. After incubation cells were centrifuged at 5009g and the supernatant discarded. Cells were resuspended in 1 ml of pre-warmed incubation buffer and immediately analysed. Analysis was conducted by means of FACS FC500 system flow cytometer (Beckman Coulter SA (Pty) Ltd., Randburg, South Africa). The FITC channel FL1 was used to detect apoptotic cells that showed diffused green fluorescence. Cyflogic version 1.2.1 software (Pertu Therho, Turko, Finland) was used to analyse data from at least 11,000 cells.
Detection of PS expression by annexin V-allophycocyanin staining
The expression of the membrane phospholipid PS on the outside surface of the plasma membrane was analysed as a signal of apoptosis by staining with annexin V, conjugated to a fluorochrome fluorescein isothiocyanate (FITC). Both cell lines were cultured as described in Sects. 2.4 and 2.5 and trypsinized after 6 days, (the supernatant was included in the assay); samples were centrifuged and resuspended in 1 ml of 19 binding buffer and centrifuged at 3009g for 10 min. The supernatant removed and the cells were washed and resuspended in 100 ll of 19 binding buffer. Annexin V-FITC (10 ll) was added and the cells were incubated in the dark for 15 min. After incubation, cells were washed with 1 ml 19 binding buffer and centrifuged at 3009g for 10 min, discarding the supernatant and resuspending the cells in 500 ll of 19 binding buffer solution. PI (5 ll of 40 lg/ml) was added just before analysis to determine cell viability. PI and annexin V fluorescence was measured using FACS FC500 system flow cytometer (Beckman Coulter SA (Pty) Ltd., Randburg, South Africa) equipped with an air-cooled argon laser excited at 488 nm. The data from at least 11,000 cells were analysed with Cyflogic software 1.2.1 (Pertu Therho, Turko, Finland).
Statistics
Five different samples of each batch of electrospun scaffolds were analysed by SEM. A representative figure was chosen for each. Confocal studies were repeated twice and each experiment done in quintuplicate. Representative images were chosen for each experiment. Measurement of FITC-, PI-and 5,5 0 ,6,6 0 -tetrachloro-1,1 0 ,3,3 0 -tetraethylbenzimidazolylcarbocyanine iodide-derived fluorescence was expressed as a ratio of the value measured for the cells grown on the electrospun scaffolds compared to cells grown on cell culture plate plastic (control) (mean relative fluorescence). Flow cytometry analysis involved data from at least 11,000 events that was repeated thrice where after a representative figure was chosen for each experiment. The LDH assay was repeated thrice and data is expressed as intensity of absorbance and compared to the appropriate controls that were included. Data obtained from three independent experiments were shown as the mean ± SD and were statistically analyzed for significance using the analysis of variance-single factor model followed by a two-tailed Student's t test. Means were presented in bar charts, with T-bars referring to standard deviations. P-values (0.05 and less were regarded as statistically significant).
Results and discussion
Attenuated total reflectance-fourier transform infrared was used to analyse the functional groups of the electrospun nanofibers (Fig. 1) . Pure HA was analysed and the characteristic OH-stretch was observed at 3570.8 cm -1 with a wide band at 3,224 cm -1 , which corresponds to the stretching mode of the O-H groups [38] . This can be attributed to absorbed water. These peaks are also exhibited by the electrospun scaffold, confirming the presence of HA after manufacturing. At 1,019 cm -1 , the stretching vibration for PO 4 3-group from pure HA was obtained for the P-O stretch, while in b-TCP it was obtained at 1000.3 cm -1 . In this region (800-1,100 cm -1 ), many peaks were observed in all three analyses. These peaks are characteristic to the phosphate ion oscillations modes, which are especially characteristic to highly crystalline HA. The peaks at 1416.2 cm -1 and 1,486 cm -1 are possibly attributed to the carbonate ion CO 3 2-, which is an impurity present in both pure HA as well as the electrospun scaffold [30, 39] .
The electrospinning technique is used to produce biomimetic nanofibers for tissue engineering applications since this technique can generate large surface area, interconnected pores, nanoscale dimensions and high porosity [40] . SEM images (Fig. 2) of electrospun biphasic scaffolds showed beadless and porous nanofibers that were formed under controlled conditions. The HA/b-TCP with gelatine electrospun scaffolds showed uniform nanofibers and interconnected pores with fiber sizes in the 100 ± 10 nm range. Scaffolds with 5, 7 and 10 % gelatine (Fig. 2b-d) exhibited better uniformity of nanofibers when compared to scaffolds with only 3 % gelatine (Fig. 2a) . At lower gelatine concentrations (Fig. 2a, b ) some calcium phosphates can be seen embedded in the nanofibers which could be more desirable since it leads to an increase in surface roughness which is desirable for cell attachment.
Cell-scaffold interaction
Intracellular responses, cell growth and cell morphology are greatly influenced by scaffold properties. In this study the effect of scaffold composition was analysed through cell viability, mitochondrial membrane potential, cell cycle and early apoptosis detection. Results from the LDH release study (Fig. 3) revealed that cells grown on the electrospun biphasic bioceramic scaffolds did not exhibit toxicity, even when grown for 21 days (results not shown).
A slight increase in toxicity was seen over time, however, it was not significant to attribute it to the scaffolds.
Confocal microscopy of the stained cells (blue DAPI for nucleus staining and green fluorescent anti-rabbit IgG (H&L)/DyLight TM 488 conjugated for microtubulin staining) showed healthy, intact cells with uncompromised nuclei and microtubulin when osteoclast-like (Fig. 4b ) and osteoblast cells (Fig. 4d) were grown on the biphasic electrospun scaffolds compared to the controls (culture plate) (Fig. 4a, c) . Morphology of the THP-1 and hFOB 1.19 cells were not compromised when grown on the electrospun scaffolds.
Cell cycle analysis (Table 1) of the osteoclast-like cells grown on electrospun scaffold (Fig. 5b) , compared well to the control (culture plate) (Fig. 5a) . In both cases most cells were actively dividing in the G 1 -phase. In Fig. 5b a slight increase in the sub-G 1 phase can be seen when compared to the control. This is expected when cells are growing on a scaffold and is characteristic of apoptotic cells.
Osteoblast cells' cycle were also analysed ( Table 2) . Cells cultured on the electrospun scaffolds (Fig. 6b ) compared well Figure 6a and b show the different cell cycle phases as a representative of three repetitive experiments. In each sample at least 11,000 events were counted to the control (Fig. 6a) . Most cells were actively dividing in the G 1 -phase. An increased number of cells grown on the scaffolds as well as on the control sample were observed in the G 2 /M-phase. Cells growing on the electrospun scaffolds exhibited an increase in the sub-G 1 phase; once again this is expected when cells are cultured on scaffolds and is characteristic of apoptotic cells. Since a slight increase in the sub-G 1 fraction was observed in this study in both the osteoclast and osteoblast cell cycle analysis, other assays analyzing apoptosis and cell death were also employed. Mitochondria play a big role in programmed cell death. When the mitochondrial potential decreases, it is an indicator of early apoptosis. The mitochondrial membrane potential was measured by means of flow cytometry of the osteoclast-like cells (Table 3) . It revealed a slight increase in viable cells when grown on electrospun scaffolds (Fig. 7b ) when compared to the control (culture plates) (Fig. 7a) . This result indicated that the increase in the sub-G 1 fraction during cell cycle analysis (Fig. 5b) was probably not due to apoptosis and the cells would most likely return to an actively growing state.
Flow cytometry analyses revealed statistically insignificant decrease (Table 4) in the mitochondrial membrane potential of the osteoblast (hFOB 1.19) cells grown on the biphasic electrospun scaffolds (Fig. 8b) when compared to the control (culture plate) (Fig. 8a) . Therefore, the increase in the sub-G 1 fraction observed during cell cycle analysis (Fig. 6b) line when the cells are grown on the electrospun biphasic bioceramic scaffolds. Flow cytometry was used to measure the induction of cell death by employing Annexin V-FITC. Annexin V binds with strong affinity to PS that gets exposed on the outer surface membrane of cells when they enter early apoptosis. After 6 days of culturing, the osteoclast-like cells grown on the biphasic electrospun scaffold (Fig. 9b) had 92.56 % viable cells, almost exactly the same as the control with 93.08 % (Fig. 9a) . Cells grown on the scaffold however, an increase in necrosis was seen when cells were grown on the electrospun scaffolds, while a decrease in cell percentages was seen in the early apoptotic and late apoptotic phases of the cells grown on the electrospun scaffolds, when compared to the control. In each sample at least 11,000 cells were analysed and each figure represents at least three repetitive experiments showed an increase in necrosis (4.23 %), but reduction in early (2.52 %) and late (1.58 %) apoptosis (Fig. 9b ) when compared to the control (culture plate) (Fig. 9a) . Osteoblast cells were grown for 6 days on the biphasic electrospun scaffold (Fig. 10b) , and on the control (culture plate) (Fig. 10a) . In both cases over 97 % of the cells were viable and the difference in early apoptotic cells between cells grown on the control (culture plate) and the electrospun biphasic scaffold was negligible.
Conclusion
Electrospinning proved to be an effective technique to create biphasic (HA/b-TCP) nano-scaffolds with uniform fibers and interconnected pores for cell growth and attachment. In this study a higher percentage of the calcium phosphates were used to produce the electrospun scaffold with a low gelatine percentage. In previous studies other researchers manufactured scaffolds with a 1:1 ratio of collagen to HA by electrospinning [41] , b-TCP in gelatine at 5, 10 and 20 wt% by cross-linking treatment [40] , polymer-only scaffolds by electrospinning (PCL, chitosan, PCL/chitosan), as well as combining the polymers with HA [42] . In many instances the focus has been on biodegradable polymers only or combining a high percentage of polymer with a fraction HA to manufacture scaffolds. In this study it was possible to make use of two of the most abundant components of bone (HA and b-TCP), combining it with gelatine and manufacturing an electrospun biphasic scaffold. Osteoclast-like and osteoblast cells were cultured on the newly manufactured electrospun biphasic scaffolds to monitor cell growth and cellular response to the scaffolds. No cytotoxicity was detected in both cell lines, while cells grown on electrospun scaffolds compared well to the control (culture plate) in all instances. Cells responded very well to electrospun biphasic scaffolds and did not show significant increases in apoptosis or a difference in cell morphology. From this data, it can be concluded that the electrospun biphasic scaffolds are biocompatible with and appropriate for adherence and growth of osteoclast-like and osteoblast cells for bone tissue engineering. Future co-culturing studies could prove useful to examine osteoclast and osteoblast interaction.
